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(54) Optical switch capable of detecting correct switching operation 



(57) An optical switch is provided for coupling light 
guides. A stepping motor (24) is rotated at a predeter- 
mined angular step so as to couple an optical fiber colli- 
mator (36) attached to its rotating shaft (24a) to one of a 
plurality of optical fiber collimators (27 1 - 27 12 ) in 
response to a designation signal. The direction of the 
optical axis of the optical fiber collimator (36) is detected 



by a slit disk (30) attached to the rotating shaft (24a), 
and sensors (38, 39) are provided for detecting slit 
arrays (PI - P6) formed in the slit disk (30). Detection 
signals from the sensors (38, 39) are used to determine 
whether the designation signal is carried out. 
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Description 

The present invention relates to an optical switch 
and, more particularly, to an optical switch having a 
technique for confirming whether a switching operation s 
is correctly performed in the optical switch used to 
switch an optical path. 

As is well known, in the optical communication sys- 
tem, for example, when a plurality of optical lines each 
made of an optical fiber are to be tested, test light must w 
be input to each line by sequentially switching the lines. 
In this case, an optical switch has conventionally been 
used. 

The optical switch used for the above purpose has 
a plurality of light guides for inputting/outputting light, 15 
and is constituted such that a specific light guide can be 
selectively coupled to another designated light guide. 

FIG. 10 shows the mechanism portion of a conven- 
tional optical switch for mechanically changing the 
direction of the optical axis of a specific light guide to 20 
switch the optical path. 

In this optical switch, the tip of one optical f toer col- 
limator (prepared by arranging a lens at the tip of the 
fiber) 1 constituting the specific optical guide is rotated 
by a stepping motor 2 every predetermined angle a. 25 

Remaining optical fiber collimators 3 1p 3 2 3 n are 

laid out such that the optical axis of each optical f foer 
collimator 3 coincides with the optical axis of the optical 
fiber collimator 1 at every interval of the predetermined 
angle a. 30 

By supplying, to the stepping motor 2, a pulse sig- 
nal necessary for rotating the optical ftoer collimator 1 
through an angle N * a (N is an integer), the optical 
fiber collimator 1 can be optically coupled to an arbitrary 
one of the remaining optical fiber collimators 3-, , 3?, . 35 
3 n - 

In the optical switch using, as a driving source, the 
stepping motor 2 which rotates through an accurate 
rotation angle in accordance with an electrical (pulse) 
signal supplied in the above manner, an error may occur 40 
in the stepping motor itself, a circuit for supplying a driv- 
ing pulse to the stepping motor, or the like. 

In this case, even if the optical axis of the specific 
optical fiber collimator 1 does not coincide with that of a 
desired optical ftoer collimator 3. this cannot be exter- 45 
nally known. 

When, therefore, this optical switch is used to test 
many optical lines, as described above, an erroneous 
test may be performed. 

Another conceivable method is to detect the inten- so 
sity of light passing through the optical fiber collimator. 

In this case, however, the light intensity must be 
measured at a connection portion between the optical 
fiber collimator and the optical line in order to measure 
the intensity of test light in a test system of testing the ss 
optical line made of an optical ftoer. 

For this reason, measurement of the light intensity 
adversely affects an optical line test. 



It is, therefore, an object of the present invention to 
provide an optical switch in which the above-mentioned 
problems are solved, and an optical path switching error 
can be known. 

According to the present invention, there is pro- 
vided an optical switch comprising a plurality of light 
guides for inputting/outputting light, optical path forma- 
tion means, having a driving source which operates 
upon reception of an electrical signal, for forming an 
optical path extending from a specific light guide of the 
plurality of light guides to arbitrary one of remaining light 
guides in order to optically couple the specific light 
guide to the one arbitrary light guide, switching means 
for supplying, to the driving source of the optical path 
formation means, a predetermined electrical signal for 
coupling the specific light guide to the one arbitrary light 
guide, and detection means for detecting a formation 
position of the optical path formed by the optical path 
formation means. 

Note that the optical path formation position 
detected by the detection means is the formation posi- 
tion of an optical path formed by the optical path forma- 
tion means that changes depending on a combination of 
the specific light guide and each of the remaining light 
guides. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a plan view showing the mechanism por- 
tion of an optical switch according to an embodi- 
ment of the present invention; 
FIG. 2 is a side view showing the mechanism por- 
tion of the optical switch according to the embodi- 
ment of the present invention; 
FIG. 3 is an exploded view showing the main part of 
the mechanism portion of the optical switch accord- 
ing to the embodiment of the present invention; 
FIG. 4 is a table showing the relationship between 
the direction of the optical axis of a specific optical 
ftoer collimator and an output from a sensor; 
FIG. 5 is a block diagram showing the arrange- 
ments of the optical switch and a measurement 
system according to the embodiment of the present 
invention; 

FIG. 6 is a flow chart showing the processing proce- 
dure of the main part of the optical switch according 
to the embodiment of the present invention; 
FIGS. 7A, 7B, and 7C are views for explaining the 
operation of the optical switch according to the 
embodiment of the present invention; 
FIG. 8 is a schematic view showing the mechanism 
portion of an optical switch according to another 
embodiment of the present invention; 
FIG. 9 is a schematic view showing the mechanism 
portion of an optical switch according to still another 
embodiment of the present invention; and 
FIG. 10 is a schematic view showing the mecha- 
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nism portion of a conventional optical switch. 

Reference will now be made in detail to the pres- 
ently preferred embodiments of the invention as illus- 
trated in the accompanying drawings, in which like s 
reference characters designate like or corresponding 
parts throughout the several drawings. 

The present invention will be generally described. 
To achieve the above object, as shown in FIG. 1, an 
optical switch of the present invention having a plurality 10 
of light guides (27 1 - 27 12 . 36) for inputting/outputting 
light, a variable mechanism (24, 35) which has a driving 
source (24) that operates upon reception of an electrical 
signal, and which varies the direction or position of at 
least one specific light guide of the light guides or an 75 
optical member interposed between the specific light 
guide and another light guide in order to optically couple 
the specific light guide and another arbitrary light guide, 
and a switching means (40) for receiving a signal desig- 
nating any one of the remaining light guides, and sup- 20 
plying an electrical signal corresponding to the signal, to 
the driving source of the variable mechanism to couple 
the specific light guide to the designated light guide 
comprises 

25 

a detection means (30. 38. 39) arranged in the var- 
iable mechanism to detect the direction or position 
of the specific light guide or the optical member 
interposed between the specific light guide and 
another light guide that is varied by the variable 30 
mechanism, and 

a determination means (42) for determining 
whether an output from a sensor corresponds to the 
signal designating the light guide. 

35 

An optical switch according to an embodiment of 
the present invention based on the above general 
description will be described below with reference to the 
several views of the accompanying drawing. 

FIGS. 1 to 3 are views showing the mechanism por- 40 
tion of the optical switch according to the embodiment of 
the present invention. 

In FIGS. 1 to 3, the mechanism portion of the opti- 
cal switch is incorporated in a box-like chassis 22 hav- 
ing upper and lower portions closed with covers 21 . 45 

The interior of the chassis 22 is divided into upper 
and lower portions by a partition plate 23. 

A variable mechanism of this embodiment and a 
stepping motor 24 serving as its driving source are fixed 
on the lower surface of one end of the partition plate 23 so 
so as to protrude a rotating shaft 24a to the upper sur- 
face side of the partition plate 23. 

The stepping motor 24 is constituted to rotate its 
rotating shaft 24a at a resolution of. e.g.. 0.9°. 

A holder 25 stands on the upper surface of the ss 
other end of the partition plate 23. 

The holder 25 has 12 horizontal support holes 26 
centered on an axis C of the rotating shaft 24a of the 



stepping motor 24 at an interval of 3.6°. 

One end 27a of each of 12 optical ffoer collimators 
27j to 27 12 serving as light guides is fitted in a corre- 
sponding support hole 26 of the holder 25. 

An optical connector 28 is attached to the other end 
of each of the optical fiber collimators 27 1 to 27 12 
extending from the chassis 22. 

A slit disk 30 serving as an encoder for presenting 
an optical path formation position corresponding to the 
rotation angle is concentrically attached to the upper 
portion of the rotating shaft 24a of the stepping motor 
24. 

Three arrays P1 to P3 of slits 31a and three arrays 
P4 to P6 of slits 31b are formed in two symmetrical 
peripheral areas 30a and 30b of the slit disk (encoder) 
30 to detect the angle of the optical axis of an optical 
ffoer collimator 36 (to be described later). 

While the slit disk (encoder) 30 is fitted on the rotat- 
ing shaft 24a of the stepping motor 24 through a hole 32 
formed in the center of the slit disk 30, the slit disk 30 is 
screwed to be vertically sandwiched between two 
attaching members 33 and 34 as small-diameter disks, 
and fixed to the rotating shaft 24a of the stepping motor 
24 together with the attaching members 33 and 34. 

A holder 35 is fixed on the lower surface of the 
attaching member 34. 

The holder 35 horizontally supports one end 36a of 
the optical fiber collimator 36 constituting a specific light 
guide of this embodiment. 

One end 36a of the optical fiber collimator 36 is 
supported such that one end 36a is flush with one end 
27a of each of the optical fiber collimators 27 1 to 27 12l 
and the optical axis of the optical ffoer collimator 36 
rotates about the axis C of the rotating shaft 24a of the 
stepping motor 24. 

The optical fiber collimator 36 can be optically cou- 
pled to any one of the remaining optical fiber collimators 
27 ^ to 27 12 by rotation of the stepping motor 24. 

The other end of the optical fiber collimator 36 is 
pulled out outside the chassis 22, and an optical con- 
nector 28 is attached to the tip of the other end, similar 
to the optical fiber collimators 27 t to 27 12 . 

Sensors 38 and 39 constituting a detection means 
of this embodiment together with the slit disk 30 are 
arranged at positions symmetrical about the rotating 
shaft 24a of the stepping motor 24. 

Each of the sensors 38 and 39 is a photointerrupter 
made up of three pairs of light-transmitting and light- 
receiving portions vertically facing each other with a 
gap, and fixed to the partition plate 23 so as to pass the 
slit array of the slit disk (encoder) 30 through the gap. 

One sensor 38 irradiates light on the slit arrays P1 
to P3 from one surface side of the slit disk 30, and 
receives the light passing through the slits 31a in units 
of slit arrays to output parallel light-receiving signals. 

The other sensor 39 irradiates light on the slit arrays 
P4 to P6 from one surface side of the slit disk (encoder) 
30, and receives the light passing through the slits 31b 
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in units of slit arrays to output parallel light-receiving sig- 
nals. 

FIG. 4 shows the relationship between the direction 
of the optical axis of the optical f foer collimator 36 and 
the light-receiving signals output parallel from the sen- s 
sors 38 and 39. 

More specifically, in FIG. 4, the least significant bit 
is a light-receiving signal for the slit array P1 , the second 

bit is a light-receiving signal for the slit array P2 the 

most significant bit is a light-receiving signal for the slit 10 
array P6, and the light-receiving signal is represented 
by 6-bit data using [1] as a signal upon receiving light 
and [0] as a signal upon receiving no light. 

As shown in FIG. 4, when the optical axis of the 
optical fiber collimator 36 directs a reference position Rq is 
shifted outward from the optical axis of the optical f foer 
collimator 27, to the optical ffoer collimator 27 1 by 3.6°, 
parallel data [1 1 1 1 1 1] is output from the sensors 38 and 
39 which detect the heads of the slits 3 1 a and 3 1 b of the 
respective slit arrays P1 to P6. 20 

When the optical axis of the optical fiber collimator 
36 rotates clockwise (in FIG. 1) through 3.6° from the 
reference position Rq (the optical axis of the optical ffoer 
collimator 36 coincides with that of the optical fiber colli- 
mator 27,), data [000001] is obtained. 25 

The data value is set to be incremented by one 
every time the optical axis of the optical fiber collimator 
36 rotates clockwise through 3.6°. At an angular posi- 
tion between the slit arrays, the light-receiving signal 
data is [000000]. 30 

A data value output from the sensors 38 and 39 
which detect optical path formation position information 
presented by the slit disk (encoder) 30. except for the 
data value [000000], corresponds to the number (the 
suffix of the reference numeral) of each of the optical 35 
fiber collimators to 27 12 when the optical ffoer colli- 
mators 27, to 27, 2 are sequentially counted from the 
one nearest to the reference position Rq. 

FIG. 5 shows the whole arrangement of an optical 
switch 20 having the above mechanism portion, and the 40 
configuration of a test system using it. 

In FIG. 5, a switching unit 40 of the optical switch 20 
is constituted by, e.g., a CPU, and receives a designa- 
tion signal output from a controller 50 (to be described 
later) to output a pulse signal necessary for coupling the 45 
optical fiber collimator 36 to an optical fiber collimator 27 
corresponding to the designation signal, from a driving 
pulse output circuit 41 to the stepping motor 24. 

When the switching unit 40 receives a signal indi- 
cating an error from a determination unit 42 (to be so 
described later) upon driving the stepping motor 24, it 
performs processing such as re-driving of the stepping 
motor 24 in accordance with the signal. 

The determination unit 42 is constituted by. e.g., a 
CPU. The determination unit 42 checks whether output 55 
data from the sensors 38 and 39 corresponds to the 
designation signal after the switching unit 40 changes 
the direction of the optical axis of the optical fiber colli- 



mator 36. If so, the determination unit 42 outputs a sig- 
nal indicating normal switching to the switching unit 40; 
otherwise, the determination unit 42 outputs a signal 
indicating an error, and the data from the sensors 38 
and 39 to the switching unit 40. 

When a test is performed for a plurality of optical 
lines each made of an optical fiber by using the optical 
switch 20 having this arrangement, the optical connec- 
tor 28 of the optical ffoer collimator 36 of the optical 
switch 20 is connected to an optical pulse tester (Optical 
Time Domain Reflectometer: OTDR) 45. At the same 
time, the optical connectors 28 of the optical fiber colli- 
mators 27 1 to 27 12 are connected to lines to be tested 
(not shown). The controller 50 controls the optical 
switch 20 and the optical pulse tester 45 to sequentially 
and automatically test the lines by using optical pulses. 

The optical pulse tester (OTDR) 45 supplies an 
optical pulse to a fiber, and obtains the level of the light 
(Fresnel reflected light or back scattering light) returning 
from the fiber to its incident end until a predetermined 
time elapses after supplying the optical pulse. From 
changes in level over time, the optical pulse tester 45 
measures changes in loss of the fiber, and the pres- 
ence/absence or position of a disconnection or the like. 

FIG. 6 is a flow chart showing the processing proce- 
dure of the switching unit 40 of the optical switch 20 
used in the above test system. 

The operation of the optical switch will be explained 
below with reference to FIG. 6. 

Assume that the controller 50 inputs a signal N (= 3) 
designating the third optical fiber collimator 27 3 to the 
optical switch 20 while the optical axis of the optical fiber 
collimator 36 directs the reference position R 0 (step S1). 

Then, the switching unit 40 calculates an angle A 
(in this case, A = 3 x 3.6°) defined between the current 
direction (reference position) of the optical axis of the 
optical fiber collimator 36, and a position where the opti- 
cal axis of the optical ffoer collimator 36 coincides with 
that of the optical ffoer collimator 27 3 (step S2). 

The switching unit 40 causes the driving pulse out- 
put circuit 41 to output, to the stepping motor 24, pulses 
corresponding to a number (for example, A/0.9 = 12 
when 0.9°-rotation can be attained for one pulse) 
required to rotate the optical axis of the optical fiber col- 
limator 36 through the angle A (step S3). 

As shown in FIG. 7A, the stepping motor 24 which 
receives the pulses tries to rotate the optical axis of the 
optical fiber collimator 36 through the angle A from the 
reference position Rq, make the optical axis of the opti- 
cal fiber collimator 36 coincide with that of the third opti- 
cal ffoer collimator 27 3 designated, and obtain a 
predetermined optical path formation position. 

After the switching unit 40 rotates the stepping 
motor 24, the determination unit 42 checks whether 6- 
bit data from the sensors 38 and 39 corresponds to the 
designation signal N (= 3) (in this embodiment, they cor- 
respond to each other). 

As shown in FIG. 7A, when the optical axis of the 
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optical f foer collimator 36 coincides with that of the third 
optical fiber collimator 27 3 designated, data from the 
sensors 38 and 39 is [00001 1], which coincides with the 
designation signal N (= 3). Therefore, the determination 
unit 42 determines that the predetermined optical path 5 
formation position is obtained, and outputs a signal indi- 
cating normal switching (step S4). 

Upon reception of this signal, the switching unit 40 
stores the designation signal N as data R representing 
the current position in a memory (not shown), outputs a 10 
signal indicating switching completion to the controller 
50, and returns to step SI to wait for input of a next des- 
ignation signal (steps S5 and S6). 

Assume that an error occurs in the stepping motor 
24, and the sensors 38 and 39 output data [000010] is 
though the optical axis of the optical fiber collimator 36 
is at a position where it coincides with the optical axis of 
the second optical fiber collimator 27 2 , as shown in FIG. 
7B. 

In addition, assume that the optical axis of the opti- 20 
cal fiber collimator 36 is at a position shifted by, e.g., 
0.9° from the optical axis of the third optical fiber colli- 
mator 27 3 designated, and the sensors 38 and 39 out- 
put data [000000], as shown in FIG. 7C. 

In the case of noncoincidence, the determination 25 
unit 42 determines that the predetermined optical path 
formation position cannot be obtained, and outputs a 
signal indicating an error, and the data to the switching 
unit 40 (step S4). 

Upon reception of the data [000000] together with 30 
the signal indicating an error from the determination unit 
42, the switching unit 40 causes the driving pulse output 
circuit 41 to output a pulse so as to rotate the stepping 
motor 24 every step of 0.9° over the range of +2.7° 
because the current direction of the optical fiber collima- 35 
tor 36 is unknown (step S7). 

The switching unit 40 checks the determination 
result of the determination unit 42 every time a pulse 
corresponding to 0.9° is output. If the determination unit 
42 outputs a signal indicating normal switching, the flow 40 
shifts to step S5 (step S8). 

However, when data from the determination unit 42 
remains [000000] even upon supplying a pulse corre- 
sponding to 2.7°, the switching unit 40 outputs a signal 
indicating a switching failure to the controller 50 (steps 45 
S7toSlO). 

When the switching unit 40 receives data except for 
[000000] together with a signal indicating an error from 
the determination unit 42 in step S4 or S8, it calculates 
an angle B to the reference position Rq from the data, so 
and causes the driving pulse output circuit 41 to output 
a pulse for rotating the stepping motor 24 through the 
angle B toward the reference position Rq (steps S11 
and S12). 

The switching unit 40 checks the determination ss 
result of the determination unit 42. When the switching 
unit 40 receives data [111111] together with a signal 
indicating an error from the determination unit 42, it out- 



puts, to the stepping motor 24, pulses corresponding to 
a number required to rotate the optical axis of the optical 
f foer collimator 36 to an angular position corresponding 
to the designation signal N. and then checks the deter- 
mination result of the determination unit 42 again. If the 
determination result indicates normal switching, the flow 
shifts to step S5; otherwise, the flow shifts to step S10 
to output a signal indicating switching failure to the con- 
troller 50 (steps S13 to S15). 

If the controller 50 receives a signal indicating 
switching completion from the optical switch 20 after 
outputting the designation signal N to the optical switch 
20, it supplies an optical pulse from the optical pulse 
tester 45 to a line to be tested which is connected via 
the optical switch 20 to the optical fiber collimator 27 3 
corresponding to the designation signal, and obtains 
changes in level of the light returning from the line by 
using the optical pulse tester (OTDR) 45. After the con- 
troller 50 makes the user check an increase in loss of 
the line or the presence/absence of a disconnection, the 
controller 50 outputs, to the optical switch 20, a desig- 
nation signal N corresponding to an optical f foer collima- 
tor connected to a next line to be tested, thereby testing 
the next line. 

If the controller 50 receives a signal indicating a 
switching failure from the optical switch 20, it interrupts 
the test, and notifies the manager of the test system of 
the switching failure. Alternatively, the controller 50 sup- 
plies a designation signal corresponding to a next line to 
be tested to the optical switch 20. When receiving a sig- 
nal indicating a switching failure from the optical switch 
20, the controller stops the test. 

More specifically, the common optical fiber serving 
as a specific light guide connected to each of optical 
paths serving as a plurality of light guides, and the slit 
disk (encoder) having slits representing optical path 
data are fixed with a predetermined positional relation- 
ship on the switching driving unit (stepping motor) of the 
optical switch according to the present invention. 

The detection means (photointerrupter) for reading 
optical path data from the slits of the slit disk (encoder) 
is fixed with a predetermined positional relationship with 
the switching driving unit. 

The external control unit supplies optical path data 
1 to the stepping motor in order to connect the common 
optical f foer to a predetermined optical path. 

Then, the stepping motor operates to move the 
common optical fiber and the slit disk (encoder), thereby 
connecting the common optical ffoer to the predeter- 
mined optical path. 

At this time, the photointerrupter detects optical 
path data 2 from the slits of the slit disk (encoder). 

The switching operation of the optical switch is 
determined by comparing optical path data 1 and data 2 
with each other. 

If the switching operation of the optical switch is 
normal, the optical path data 1 is identical to data 2; oth- 
erwise, they are not identical. 
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By determining the switching operation of the opti- 
cal switch, therefore, the reliability of the optical path 
test can be increased. 

In this manner, the optical switch 20 can know 
whether the specific optical fiber collimator 36 is cou- 
pled to a designated optical fiber collimator 27. 

Erroneous measurement performed when the spe- 
cific optical ftoer collimator 36 is not coupled to any opti- 
cal fiber collimator or is coupled to an optical fiber 
collimator different from a designated optical ftoer colli- 
mator can be prevented. 

When the specific optical fiber collimator 36 cannot 
be correctly coupled to the designated optical fiber colli- 
mator, they are tried to be coupled again after the opti- 
cal axis of the optical fiber collimator 36 is rotated over 
a predetermined range or temporarily returned to a ref- 
erence position and then rotated to be coupled to the 
designated optical fiber collimator again. 

Even when, therefore, switching is not correctly per- 
formed occasionally due to a slip of the stepping motor 
24 or the like, an automatic test using this optical switch 
need not be suspended. 

In the optical switch 20, six slit arrays are formed for 
12 optical fiber collimators 27. 

This number is set in consideration of an increase 
in the number of optical fiber collimators 27. 

More specifically, the number of optical fiber colli- 
mators 27 can be maximized to 49 (160 - 3.6 - 1) at an 
interval of 3.6°. 

When the number of optical fiber collimators 27 is 
12, as described above, the number of slit arrays may 
be decreased to four. 

In the above embodiment, the optical axis of the 
optical fiber collimator 36 serving as one light guide is 
directly rotated by the stepping motor 24. 

To the contrary, as shown in FIG. 8, the optical f toer 
collimator 36 may be constituted such that its optical 
axis crosses those of remaining M optical fiber collima- 
tors 27 1 to 27 m at one point on a mirror surface 61a of a 
reflecting mirror 61 rotated by the stepping motor 24, 
and the angle of the reflecting mirror 61 may be 
detected by the slit disk (encoder) 30. 

In the above embodiment, the optical axis of the 
optical fiber collimator 36 serving as a specrfic light 
guide is rotated. 

In contrast, as shown in FIG. 9. the optical f toer col- 
limators 27-, to 27 m may be aligned in one straight line 
at a predetermined interval, the optical f toer collimator 
36 may be constituted to be moved parallel to the align- 
ment direction of the optical fiber collimators 27j to 27 m 
together with a band-like slit plate (encoder) 71 by a var- 
iable mechanism 73 having the stepping motor 24 as a 
driving source, and slits 72 of the slit plate 71 may be 
detected by the sensors 38 and 39. 

In addition to the method using slits for shielding 
and passing through light, as in the above embodiment, 
a plate on which, e.g., a pattern optically detectable by 
utilizing reflection of light is printed in a bar code may be 



used. 

In the above embodiment, the slits of the slit disk 
(encoder) 30 are encoded such that output data from 
the sensors 38 and 39 directly indicates an optical fiber 

s collimator 27 coupled to the optical fiber collimator 36 
serving as a specrfic light guide. 

However, this does not limit the present invention. 
For example, a slit plate (encoder) in which slits are 
formed in one array at the same interval equal to that 

10 between the optical fiber collimators 27 may be moved 
together with the optical ftoer collimator 36, and the 
number of slits passing through the sensor may be 
counted to check whether the count result corresponds 
to a designation signal. 

is Although the above embodiment has exemplified 
the optical switch used in the test system for a line made 
of an optical fiber, the present invention can also be 
applied to an optical switch which can be manually 
switched. 

20 In this case, an optical fiber collimator coupled to 
the specrfic optical ftoer collimator 36 may be externally 
visually checked by displaying the determination result 
of the determination unit 42 using a lamp or the like, or 
displaying the number corresponding to data from the 

25 sensors 38 and 39. 

Although the above embodiment uses the variable 
mechanism and the stepping motor as the driving 
source, the present invention can be similarly applied to 
an optical switch using, as the driving source of the var- 

30 iable mechanism, a servomotor rotated by an output 
from a potentiometer. 

In the above embodiment, the present invention is 
applied to the optical switch having one circuit and a plu- 
rality of contacts. However, the present invention can 

35 also be applied to an optical switch having pluralities of 
circuits and contacts. 

In this case, a plurality of optical lines can be simul- 
taneously tested using a plurality of optical pulse testers 
(OTDRs). 

*o As has been described above, the optical switch of 
the present invention is constituted such that, when the 
switching means drives the variable mechanism so as 
to couple a specrfic light guide to a light guide corre- 
sponding to a designation signal, the detection means 

45 detects the actual motion of the variable mechanism, 
and the determination means determines whether an 
output from the detection means corresponds to the 
designation signal. 

According to the optical switch of the present inven- 

so tion, occurrence of a switching error state in which the 
specific light guide is not coupled to the designated light 
guide due to an error of the driving source or the like can 
be easily known. 

Even when a plurality of optical lines each made of 

55 an optical fiber are tested using this optical switch, the 
test can be prevented from being erroneously per- 
formed. 

According to the present invention, the optical 
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switch in which the conventional problems are solved, 
and an optical path switching error can be known can be 
provided. 

Claims s 

1. An optical switch for selectively coupling a specific 
light guide (36) to an arbitrary one of a plurality of 
light guides (27 1 - 27 12 ) by using optical path forma- 
tion means (24) operative in response to an electri- 10 
cal drive signal, comprising: 

an encoder (30) operative with said optical path 
formation means (24) for presenting position 
information corresponding to a formation posi- 75 
tion of a desired optical path formed by cou- 
pling said specific light guide (36) to said one 
light guide (27); 

switching means (40) for supplying to said opti- 20 
cal path formation means (24), the electrical 
drive signal corresponding to the position infor- 
mation represented by said encoder (30); and 

detection means (38, 39) for detecting the posi- 25 
tion information represented by said encoder 
(30) when said optical path formation means 
(24) operates in response to the electrical drive 
signal, 

30 

wherein a switching operation of said optical 
switch is determined based on a detection out- 
put from said detection means (38, 39). 

2. A switch according to Claim 1, wherein said 35 
encoder (30) comprises a slit member (30) 
engaged with a rotating shaft of a motor (24) serv- 
ing as said optical path formation means (24), the 

slit member (30) having a predetermined slit array 
(PI - P6) for determining the position information. 40 

3. A switch according to Claim 1 , wherein said detec- 
tion means comprise a sensor (38, 39) for detecting 
a predetermined slit array (P1 - P6) of a slit member 

(30). 45 

4. A switch according to any one of Claims 1 to 3, 
wherein said switching means (40) receives a sig- 
nal designating said one light guide (27) and sup- 
plies the electrical drive signal to said optical path so 
formation means (24). 

5. A switch according to Claim 4, further comprising 
determination means (42) for determining whether 

an output detected by said detection means (38, 55 
39) corresponds to the signal designating said one 
light guide (27). 



6. A switch according to any one of the Claims 1 to 5, 
wherein said detection means (38, 39) detects a 
direction and position of said specific light guide 
(36), said one light guide (27), or an optical member 
(61) interposed between said specific light guide 
(36) and said one light guide (27). 

7. A switch according to Claim 5, wherein when said 
determination means (42) determines that the out- 
put from said detection means (38, 39) does not 
correspond to the signal designating said one light 
guide (27), said switching means (40) further sup- 
plies to said optical path formation means (24) an 
electrical signal for coupling said specific light guide 
(36) to said one light guide (27). 

8. A switch according to any one of the Claims 2 to 7, 
wherein said specific light guide (36) is perpendicu- 
larly arranged with said rotating shaft (24a) of said 
motor (24) serving as said optical path formation 
means (24), and said plurality of light guides (27 1 - 
27 12 ) are arrayed with a predetermined interval at 
positions concentric about said rotating shaft (24a), 
where said plurality of light guides (27 A - 27 12 ) can 
face said specific light guide (36). 

9. A switch according to any one of the Claims 2 to 7. 
wherein said optical path formation means (24) has 
said motor (24) serving as a driving source, and a 
reflecting motor (61) engaged with said rotating 
shaft (24a) of sard motor, said specific light guide 
(36) is arranged at a position where light can be 
incident on said reflecting mirror (61), and said plu- 
rality of light guides (27 1 - 27 ^ 2 ) are arrayed with a 
predetermined interval at positions where the light 
returning from said reflecting mirror (61) can be 
received. 

10. A switch according to any one of the Claims 2 to 7, 
wherein said optical path formation means (24) has 
said motor (24) serving as a driving source, and a 
linear movement mechanism (73) driven by said 
motor (24), said specific light guide (36) is engaged 
with said linear movement mechanism (73) to be 
perpendicular to a movement direction of said lin- 
ear movement mechanism (73). and said plurality 
of light guides (27 , - 27 12 ) are arrayed with a prede- 
termined interval at positions where said plurality of 
light guides (27 1 - 27 12 ) can face said specific light 
guide (36) engaged with said linear movement 
mechanism (73) to be perpendicular to the move- 
ment direction of said linear movement mechanism 
(73). 



7 



II HI ! M .uH li _L - 

nnr i nnnT i i M M U T i rmrm anfOTTTtfcrtnrrtff rial Bi d inr I i' ' jggft* ^^.^-^y.y.g gpi^. 



EP 0 846 969 A2 




NSOOCID: <EP 0846969A2 t > 



8 



EP 0 846 969 A2 





9 



EP 0 846 969 A2 



ANGLE 


LIGHT-RECEIVING 
SIGNAL 


COUPLED OPTICAL 
FIBER COLLIMATOR 


REFERENCE 
POSITION 




— 


3.6° 


0 0 0 0 0 1 




7. 2° 


0 0 0 0 10 


2 7 2 


4fi ft 0 


c\ n t\ n a a 
U U U U 1 1 


273 


14.4° 


0 0 0 10 0 


27 4 


l 
i 
1 


i 
i 
i 


1 
1 
1 


43.2° 


0 0 110 0 


2712 


1 

1 


1 
1 





FIG. 4 



45 

_L_ 



OPTICAL 
TIME DOMAIN 
REFLECTMETER 
(OTDR) 



50 

_L_ 



CONTROLLER 



N 

_£_ 



36 



20 

L_ 



24 



STEP 
MOTOR 




DRIVING PULSE 
OUTPUT CIRCUIT 



-41 



r40 



SWITCHING 
UNIT 

I 

F I 6. 5 



42 



DETERMINATION 
UNIT 



10 



NSDOCIt* <EP_0846969A2..I > 



EP 0 846 969 A2 



C 



SWITCHING 
PROCESSING 



no/designation 

XSIGNAL N IN PUTl 

fris 



CALCULATE DIFFERENCE 
A BETTWEEN CURRENT 
DIRECTION OF OPTICAL 
AXIS AND ANGLE 
CORRESPONDING TO N 



S2 



OUTPUT PULSE 
NECESSARY 

FOR ROTATING OPTICAL 
AXIS THROUGH ANGLE A 



S5 



-S3 



S4 



I 



^ < NORMAL? ^ N0(»000000) 



STORE N AS 
CURRENT 

POSITION DATA R 



OUTPUT SWITCHING 
COMPLETION 
SIGNAL 



T 

S6 




FIG. 6 



S7 



NO (=000000) 



OUTPUT PULSE 
CORRESPONDING 
TO 0.9* 



NO (*000000) 



NORMAL? 



S8 



y 



/ THIRD 
X OPERA 



S9 



J YES 



YO (=000000) 
XNO 



ION? 



S11 

i 



CALCULATE ANGLE B 
NECESSARY FOR 
RETURNING CURRENT 
DURECTION OF OPTICAL 
AXIS TO REFERENCE 
PO SITIO N 

» — 



NO 



OUTPUT 
SWITCHING 
DISABLE SIGNAL 



T 

S10 



OUTPUT PULSE FOR 
ROTATING OPTICAL 
AXIS TO REFERENCE 
POSITION THROUGH 
ANGLE B 

I 



S12 y 1 . 

^DATA[1111113?> - 
S lYES S13 



OUTPUT PULSE FOR 
ROTATING OPTICAL 
AXIS FROM REFERENCE 
POSITION THROUGH NX 
3.6* 



~NOV 



NORMAL? 



YES 



> 



11 



EP 0 846 969 A2 






EP 0 846 969 A2 




PULSE SIGNAL- 



FIG. 9 



24 



36 



C 



73 

I 



72^ 
38 



t; 



i i 



71 



2 ± 



,— c 



3^272 
^-27 3 



am 



■39 27m 



TO DETERMINATION 
UNIT 42 



FIG. 10 




PULSE SIGNAL 



13 



(19) 



(12) 



(88) Date of publication A3: 

15,12.1999 Bulletin 1999/50 

(43) Date of publication A2: 

10.06.1998 Bulletin 1998/24 

(21 ) Application number: 971 21 1 79.2 

(22) Date of filing: 02.12.1997 



Europaisches Patentamt 
European Patent Office 
Off ice europeen d s brevets (11) EP 0 846 969 A3 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : G02B 6/36, G02B 26/02 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NIC 


• Sakamoto, Hideyuki 


NL PT SE 


Atsugt-shi, Kanagawa-ken 243 (JP) 


Designated Extension States: 


• Komazawa, Hiroshi 


AL LT LV MK RO SI 


Isehara-shi, Kanagawa-ken 259-11 (JP) 


(30) Priority: 09.12.1996 JP 34453296 


(74) Representative: 




Bohnenberger, Johannes, Dr. et al 


(71) Applicant: ANRITSU CORPORATION 


Meissner, Bolte & Partner 


Minato-ku Tokyo (JP) 


Widenmayerstrasse 48 




80538 Munchen (DE) 



CO 

< 

CO 

o> 

CO 
GO 

o 

Q. 
LU 



(54) Optical switch capable of detecting correct switching operation 



(57) An optical switch is provided for coupling light 
guides. A stepping motor (24) is rotated at a predeter- 
mined angular step so as to couple an optical fiber colli- 
mator (36) attached to its rotating shaft (24a) to one of a 
plurality of optical fiber collimators (27 1 - 27 12 ) in 
response to a designation signal. The direction of the 
optical axis of the optical fiber collimator (36) is detected 



by a slit disk (30) attached to the rotating shaft (24a), 
and sensors (38, 39) are provided for detecting slit 
arrays (P1 - P6) formed in the slit disk (30). Detection 
signals from the sensors (38, 39) are used to determine 
whether the designation signal is earned out. 




FIG. 1 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



EP 0 846 969 A3 



OMe* 



EUROPEAN SEARCH REPORT 



EP 97 12 1179 



DOCUMENTS CONSIDERED TO BE RELEVANT 



I Category Ofc^oMwMr^wlhWto^^ 
of rawtntr 



tootaArn 



cuaancAiiON ophc 



US 5 463 704 A (ZIEBOL ROBERT J) 
31 October 1995 (1995-10-31) 

* abstract; figures 1-4 * 

* coluan 3, line 54-61 * 

* coluan 4, line 1-57 * 

PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 251 (P-1220), 

26 June 1991 (1991-06-26) 

& JP 03 081718 A (NIPPON TELEGR & TELEPH 

CORP), 8 April 1991 (1991-04-08) 

* abstract; figures 1,7 * 

US 4 834 488 A (LEE HC—SHANG) 

30 May 1989 (1989-05-30) 
abstract; figures 5,9-11,13 * 
coluan 8, line 21-50 * 

US 4 378 144 A (DUCK GARY S ET AL) 
29 March 1983 (1983-03-29) 
abstract; figure 8 * 

* colum 4, line 49 - column 5, line 8 * 

GB 2 178 869 A (BRITISH PETROLEUM CO PLC) 
18 February 1987 (1987-02-18) 
abstract; figures 1,2 * 
page 1, line 49-89 * 

PATENT ABSTRACTS OF JAPAN 
vol. 1997, no. 03, 

31 March 1997 (1997-03-31) 
" JP 08 286130 A (FURUKAWA ELECTRIC CO 
LTD:THE;NIPP(>N TELEGR &AMP; TELEPH CORP 
iLT; NTT*), 1 Noveaber 1996 (1996-11-01) 
^ abstract; figures 1,5 * 



The pteaant eMrch report has bean drawn «q> for U ctotra 



1.4 

1-3,5-10 
1-3,5-10 



G02B6/36 
G02B26/02 



1.8 



1,10 



.9 



,10 



TECHMCAL HELM 

OntCta) 



G02B 



HUNICH 



18 October 1999 



Beaven, G 



SI 



CATEGORY OF CITED LXXXIMENT8 

Y : DMiouterfy ratwmt V oomt*wd M«h mtwr 
frwwntof j h» wnw c tegoty 

A : tBot¥ > olojypj» ^ )By|rijiriii i il 



T : twoiy or princfato underiyfrv 
E : Mifir patort [doom*, but ( 
aftar fw flbig dot* 



pubWiedoivor 



D : document cftwJ bi tw aoclcaflen 



P : H»fiM<iaft» doom* 



NSOOCID: <EP 0846969A3J_> 



2 



EP0 846 969 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 97 12 1179 



Thto annex lata the potent famfy mevnbmrelatfnQ to fie- patent document* cfced In the at>ove~menttoned European aearoh report. 
The niembem area* contained In the European Patent Office EDP ft* on 
Iho Einpm PMsnt Omo» to In no way labto 

18-10-1999 



Patent document 
cted In March report 



Publication 



Patent famly 
rnember(a) 



Pubacation 



US 5463704 


A 


31-10-1995 


NONE 






JP 03081718 


A 


08-04-1991 


JP 


2752451 B 


18-05-1998 


US 4834488 


A 


30-05-1989 


US 


4896935 A 


30-01-1990 


US 4378144 


A 


29-03-1983 


NONE 






GB 2178869 


A 


18-02-1987 


NONE 






JP 08286130 


A 


01-11-1996 


NONE 







i For more detaJto about into annex: am Official Journal of th«Eun*>s«nPafM 




% 



X 



